Water samples from saline and salty springs (geothermal wells, n = 64) with TDS of 2-83 g/L and temperature of 19-95°C were collected in the Sichuan Basin to explore the factors controlling the occurrence of the springs and the differences in hydrochemistry. The saline and salty springs mostly emerge at the margin of the basin where fault zones or anticlines occur, which are clearly controlled by the regional tectonic trend. The springs are mainly of SO 4 -Na type in the western basin, SO 4 -Ca·Na and HCO 3 -Na type in the southwestern basin, Cl-Na and Cl·SO 4 -Na type in the northeastern basin, and SO 4 -Ca type in the eastern basin. Good correlation between Na and Cl, Ca and SO 4 , and Mg and SO 4 suggests that the major ions of springs in the Sichuan Basin are from incongruent dissolution of halite, gypsum, dolomite, and magnesium sulfate minerals present in the outcropping Cretaceous and Triassic and Permian strata (sandstone, gypsum, or anhydrite layers or lens) in the western basin. The presence of marine carbonate (limestone and dolomite) interbedded with evaporites (gypsum and halite) in the eastern basin explains the good correlations between SO 4 and Ca and between Na and Cl. The groundwater is continuously heated by geothermal heat flow. A conceptual model for the formation of the saline and salty springs is proposed that hypothesizes meteoric water infiltrates in the core of anticlines that occur in the carbonate rocks with fractures or in the fault zones. The water flows into the limbs of the anticlines or deep aquifers along fault planes. During its subsurface transport, incongruent dissolution of carbonates and evaporites (including anhydrite and halite) in the Lower and Middle Triassic strata occurs and the groundwater is heated. The discharge areas are often in the low-lying areas along the limbs of anticlines where carbonate rocks crop out, in the low-lying areas of local river valleys that cut noncarbonate rocks, or in the Yangtze Valley and its tributaries where groundwater flows upward through the Upper Triassic clastic rocks.
Introduction
Groundwater mineralization is strongly conditioned not only by the nature of aquifers but also by the size and residence time within a groundwater system [1, 2] . Halite dissolution, connate water, and geological membrane filtration are recognized as three sources of salinity in groundwater in sedimentary basins [3] [4] [5] [6] . In the sedimentary Sichuan Basin, subsurface brines and saline or salty springs (>35 g/L) of different hydrogeochemical characteristics coexist in the Mesozoic formations. Subsurface brine, enriched in elements such as K, Br, I, Li, Sr, Ba, Cs, and Rb, is an important raw material for agricultural and industrial purposes and is characterized by high total dissolved solids (TDS) ranging from tens to hundreds of grams per liter [7] [8] [9] . The chemical and isotopic compositions of subsurface brines provide important information on evaporation and subsurface dissolution processes, which are of great significance to the deposition of ancient evaporites and other ores [10] .
Saline or salty springs are natural discharge of groundwater at the surface that can provide significant information about hydrogeochemical processes and geothermal processes in the subsurface [11, 12] . Bryan [13] and Alfaro and Wallace [14] put forward a classification system of springs based on the source of water, temperature, mineral compositions, aquifer lithology, and structure. Springs can be divided into cold springs (<20°C), warm springs (20-50°C), hot springs (>50°C), and boiling springs depending on temperature. Glazier [12] further summarized the classification of spring waters considering geology, hydrology, mineralization, water temperature, ecology, and human use. The classification of the springs includes freshwater springs (<1 g/L), mineral springs (1-35 g/L), and saline springs (>35 g/L) according to TDS. Naik et al. [15] suggested an expanded spring classification based on the nature of emergence and source aquifers, which further enriched the classification of springs. In China, springs are typically classified as 4 types according to TDS, which are freshwater springs (TDS < 1 g/L), brackish springs (1-10 g/L), saline springs (10-35 g/L), and salty springs (>35 g/L), and 4 types based on temperature, including cold springs which the temperature is significantly lower than local multiyear average temperature, ambient temperature of springs which the temperature is closed to local multiyear average temperature, hot springs (25-60°C), and boiling springs (≥local boiling point). Hot springs can be further divided into 3 types, including low-temperature hot springs (25-40°C), low-to-medium-temperature hot springs (40-60°C), and medium-temperature hot springs (60-local boiling point) [16] . Generally, the temperature of 25°C is considered as a multiyear average temperature in China. In this paper, we classify the springs in the Sichuan Basin with TDS ranging from 2 g/L to 35 g/L and temperature greater than 25°C as saline hot springs and TDS greater than 35 g/L and temperature greater than 25°C as salty hot springs.
The TDS of the saline and salty springs, including geothermal wells in the Sichuan Basin, range from a few grams per liter to several tens of grams per liter, and the temperature of the springs varies from normal temperature to more than 90°C. Most of the springs reach the standards of hot springs of low-to-medium temperature, such as the Wenquanzhen springs [17] in Kaixin County of northeastern Chongqing, Xiaogu springs in Qianwei of the central Sichuan Basin, Luofushan springs in Mianyang of the northwestern Sichuan Basin, and Zhougongshan springs in Ya'an of the southwestern Sichuan Basin [18] . Some saline and salty springs in the Sichuan Basin have been used to produce salt and a unique salt culture developed in the past centuries. Some of the springs of medium to high temperature have been developed for warm and hot springs resorts in the past decades.
At present, analyzing the origin, evolutionary processes, and genesis of spring waters by means of isotope and ion ratios combined with geological conditions are common research strategies [19] [20] [21] . For cases where there are many water samples, statistical analysis is a quantitative tool that is used to study the correlations of chemical parameters to classify the water sample points, to examine the controlling factors and correlations of ions, and to evaluate the similarities among the spring sampling sites. This method can identify the chemical characteristics of springs on a statistically significant basis [22] [23] [24] . For example, Kloppmann et al. [25] explored the sources of brine, groundwater, and surface water in the vicinity of a Permian salt dome in the Northern Germany that originated from dissolution of evaporites, silicate, and halite by analyzing hydrochemistry and isotopic tracing. Pilla et al. [26] identified the recharge mechanisms, origin of groundwater, and the hydraulic conditions of deep aquifers in sedimentary basins in Northern Italy by using water hydrochemistry and stable isotopes. Zarei et al. [27] proposed the saline springs that emerge adjacent to the Konarsiah salt diapir in Zagros Mountains of Iran are derived from the mixing four end members of groundwater (sulfate water, carbonate fresh waters, and diapir brine). Li [28] examined the hydrochemical features of salty springs at Yanjinghe and Yantang in Sichuan Province and determined that the source of mineralizations is a result of halite dissolution with the correlation ion coefficients. Zhou et al. [29] discussed the water cycle processes of the Ningchang salty springs in Wuxi County in the eastern Sichuan Basin and summarized the schematic genetic model for the relatively high TDS of the salty spring.
The classification of saline and salty springs in the entire Sichuan Basin has not been systematically summarized. The Sichuan Basin is unusual because it has well-developed saltbearing strata. As a result, it is useful to explore the nature of any of hydrochemical zonation of the basin. This work is aimed at exploring the geological background for the occurrence and hydrochemical characteristics of the saline and salty springs in the Sichuan Basin through field investigations, sampling, and analysis bases on previous studies. We collected previously published physical and hydrochemical data of water samples from different regions of the basin. By comprehensively analyzing the geologic background conditions and the occurrence and basic hydrochemical and hydrodynamic conditions of the springs, we aim to acquire a new understanding of the genetic models of the saline and salty springs in this area. We believe this could provide some guidance for the exploration of potash salts and provide better understanding of the processes of energy and material migration in the hydrological cycle in the sedimentary basins.
Description of the Study Area
The Sichuan Basin, with an area of approximately 20 × 10 4 km 2 , is a huge intracratonic basin located in the eastern part of Sichuan Province and contains the independent municipalities of Chongqing in the southwestern China. The basin extends between latitude 28°00 ′ to 32°40 ′ N and longitude 102°40 ′ to 100°00 ′ E. The basin has a subtropical monsoon humid climate with a mean summer temperature of 24-28°C, a mean winter temperature of 4-8°C, and a mean annual rainfall of 1000-1300 mm. It is a rhombic-shaped sedimentary basin and has relatively uniform terrain, geological structure, and hydrogeology. Tectonically, the Sichuan Basin is a subunit of the northwestern Yangtze paraplatform, which has undergone multiphase tectonic events. The basin has undergone three evolutionary stages: the marine platform (the late Indosinian Event-Yanshan Event), the continental basin (the Chengjiang Event-the early period of the Indosinian Event), and the fold uplifting (the Himalayan Event) [30] . The basin is surrounded by the Micang Mountain Fold Belt and Daba Mountain Fold Belt of the southern edge of the Qinling Orogenic Belt to the north, the Songpan-Ganzi Fold Belt and the Longmen Mountain Fold Belt of the eastern edge of the Qinghai-Tibet Plateau to the west, and the southern South China Orogenic Belt to the east and south [30] ( Figure 1 ). The strata underlying the Sichuan Basin are characterized by thick layers from multiple depositional cycles in the vertical direction. The entire strata of the Sichuan Basin can be divided into two stages of sedimentary development: the Neoproterozoic to Middle Triassic marine sediments and the Late Triassic to Eocene continental sediments [31] . The marine sediments consist of a thick sequence of carbonate rocks, mudstone, sandstone, and evaporites. The continental sediments consist of clastic rocks [32, 33] ( Table 1) . Fold Belts M i c a n g M o u n t a i n F o ld B e lt s S o n g p a n -G a n z i 
Materials and Methods
There are 64 representative natural springs and geothermal wells in the west, southwest, south, northeast, and east of the Sichuan Basin selected for this study. The locations of the springs and wells are shown in Figure 2 . There are 50 water samples from the eastern and northeastern basins, accounting for 68% of the total samples. Field sampling was carried out over several years in the Sichuan Basin where temperature, pH, and water temperature (T) of the springs were measured in the field, which are about 70% of total data in this paper. The rest of the data (including nos. 1, 2, 7-9, 13-18, 24, 26, 28, 29, 36-39, and 62) shown in Table 2 are cited from the references [18, 22, 29, 35, 37, 38] . Measurements of pH and temperature were performed with pH&ORP meter (CT-6821) (KEDIA, China) with accuracy of ±0.1. The water samples were collected in plastic 550 mL and 1.5 L bottles, after rinsing with spring waters, for hydrochemical analyses. The measurements of ions were performed with ion chromatograph. The chemical analyses were conducted at the laboratory of the Beijing Brigade of Hydrogeology and Engineering Geology. The K and Na analyses were measured by the flame atomic absorption; Cl and SO 4 were measured by the ion chromatogram; Ca and Mg were measured by the volumetric method (EDTA titration); HCO 3 was measured by the volumetric method (HCl titration).
Characteristics of the Saline and Salty Springs in the Sichuan Basin
Results of TDS of the saline and salty springs in the basin range from 2 to 82 g/L, temperature between 13°C and 95°C, and pH from 7.05 to 8.4 (weakly alkaline) (Table 1) , respectively. The differences between the TDS, pH, and temperature of the saline or salty springs are related to the location occurrence of the springs, depth of groundwater circulation, residence time, hydrochemical processes, rock lithology, and the degree of the water alteration [39] [40] [41] . 6 Geofluids Cl-Na Natural spring 7 Geofluids 4.1. The Occurrence of the Saline and Salty Springs. The Sichuan Basin has experienced many tectonic events, which are manifested by different types of folds of the sedimentary cap rock and different features of each structural area. The western basin, located to the west of the Longquan Mountains, is steeply dipping fold zones, in which anticlines are of the en echelon shape and NNE and NE trends. The central area of the Sichuan Basin is an uplift zone with gentle folds. The eastern basin is characterized by a series of high steeply dipping anticline belts, which are called barrier parallel folds. The fault structure generally plays an important role in the tectonic contour and lithofacies change in the basin [18] . As shown in Figure 2 , the saline and salty springs are mostly located in the margin of the basin where the fractures or fault zones and anticlines developed and are apparently controlled by the tectonic lines. The saline and salty springs and geothermal wells located in the western Sichuan Basin are nos. 1-4 and nos. 5-7 in the southwest, nos. 8-13 in the south, and nos. 14-63 in the east (Figure 2 ). The strata outcroppings in the basin are mainly Lower Cretaceous Tianmashan Group (K 1 t), upper Jurassic Penlai Group (J 3 p), T 1 j-T 2 l, and T 3 x (mostly geothermal wells), and Lower Permian Maokou and Qixia Group (P 1 m + q) ( Table 1 ) which consist of carbonate and clastic rocks. Therefore, the saline and salty springs (wells) could be divided into the following three categories based on the types of occurrence. (Figure 2 ). The reason for this is that vertical fractures and fractures between stratigraphic layers are well developed in the limbs and plunging ends of anticlines, which create porosity and permeable zones that are good for groundwater extraction. In particular, when the angle of the anticlinal limbs is gentler and the slopes of the limbs in the Triassic strata are longer, an artesian aquifer is commonly formed creating an area favorable for groundwater extraction [42] . The hydrochemical types of springs in the anticlines vary depending on the degree of porosity and permeability which results in different rates of alteration of the water [43] . In the area of high-uplift with outcropping and shallow buried anticlines, the saline and salty springs are of HCO 3 type and SO 4 type (nos. 40-42, 50-51, 53-58, and 61). In the high-uplift deep buried anticlines, the springs are mainly of SO 4 type and Cl type (nos. 59, 60), while the springs in the low-uplift deep buried anticline are mainly of Cl type (nos. 8, 10-12). In the eastern Sichuan Basin, the Jialingjiang River and the Yangtze River deeply cut the anticlines, forming canyons and becoming discharge points for springs, which control the groundwater flow systems [43] . This is a major type of the occurrence of the saline and salty springs in the Sichuan Basin.
Geofluids

Emergence on the Faults or Fault Zones.
Geological structures have more influence on springs. Faults or fault zones are generally considered to have greater permeability than fractures or unfractured layered strata [40] . Faults and fracture zones are generally areas of active groundwater flow and storage and groundwater discharge. Fracture zones are associated with faults, which allow deep waters to rise and carry the heat of the deeper crust to the surface in the form of hot springs. The structural fabric in the western Sichuan Basin is mainly NE-SW and NW-SE, including deep faults such as thrust faults and basement faults, while the northeastern basin is dominated by the NW-SE structural trends, which springs (nos. 1, 4, 6, and 20) occur.
Emergence in Other
Types. There are also other types of spring occurrence. For instance, the spring occurrence can be jointly controlled the anticlines and faults, which combines the above two controls on the occurrence of the springs. Folds and faults that cross each other can form structural fractures that can be enlarged by dissolution or karst processes. Groundwater flows slowly through the formations and finally discharges in the form of springs, such as the saline springs in the northeastern (nos. 21-24) and the western (nos. 2, 3) Sichuan Basin. A special type of springs called an upflow spring (nos. 18, 52) emerges where the groundwater in the T 2 l-T 1 j thermal reservoir goes upward through the overlying T 3 x and J 2 s-J 1 z and occurs in the sandstone, shale, and other formations in the valley in the form of a saline and salty (hot) springs [29] . Another type of the spring occurs at the contact zone between different types of strata. For example, the spring in the Yong'an Town, near Mianyang, occurs in the unconformable contact zone of the Triassic and Quaternary sediments (since TDS of the spring in the Yong'an is less than 2 g/L [34] , the data of the spring is not selected in this study). Table 2 . The box plots (Figure 3) show the range of ion concentration and the TDS (g/L), pH, and T (°C) of the springs (wells) in the Sichuan Basin using the statistical software SPSS. 9 Geofluids of HCO 3 -Na, Cl-Na, and Cl·SO 4 -Na type, the west are mainly of SO 4 -Na type, and the southwest are mainly of SO 4 -Ca·Na type (Table 2 ). Lower salinity (2 g/L < TDS < 3 g/L) of the saline springs (and geothermal wells) was accompanied by predominantly SO 4 -Ca type except for the samples of no. 13 (HCO 3 -Ca), no. 14 (Cl·HCO 3 -Ca), no. 15 (SO 4 ·Cl-Ca·Na), and no. 16 (HCO 3 -Na). Higher salinization (TDS > 3 g/L) of the saline and salty springs (and geothermal wells) was predominated due to anions of SO 4 and Cl and cation of Na. Generally, HCO 3 -Ca type water most likely represents groundwater flow along relatively short, lateral flow paths that originate in high-rate recharge areas or dominated by dissolution of carbonate minerals [46, 47] . Cl-Na type water most likely represents the early stage of groundwater evolution [41] or dissolution of salt rocks in the water-rock interaction processes [47] . SO 4 -Ca type water mostly is caused by the dissolution of the evaporite rocks [36] . SO 4 -Na type is probably controlled by the precipitation of the carbonate minerals (such as calcite and dolomite) in the basin [23] . Cl-Na and SO 4 -Ca type waters are caused by the dissolution of halite and gypsum based on the hydrogeology in the Sichuan Basin
Hydrochemical Characteristics of the Saline and
Characteristics of Main Ions of the Saline and Salty
Springs. In sedimentary basins, hydrochemical compositions of groundwater are mainly affected by lithology, hydrochemical processes, and residence time [1, 39] . Correlation matrices have been widely used as a useful statistical method for detecting the relationships among hydrochemical species [22] . Tables 3, 4 (Table 3 ). In the northeastern basin, the TDS of the springs are correlated with the concentrations of K, Na, and Cl; the correlation coefficients are 0.79, 0.78, and 0.86, respectively ( Table 4 ). The TDS in the eastern basin are related to concentrations of K, Na, and Cl, and the correlation coefficients are 0.67, 0.82, and 0.81, respectively (Table 5 ). Those correlation coefficients between TDS and major ions imply that TDS have a significant effect on the chemical properties of the saline and salty springs. Negative correlations are observed for the concentrations of SO 4 with the concentrations of K, Na, and Cl in the northeastern basin; their correlation coefficients are -0.71, -0.86, and -0.86, respectively. The correlation between Na and Cl is positive with a correlation of 0.95, 1, and 1, respectively (Tables 3, 4 , and 5), indicating a provenance involving halite (NaCl) dissolution [17, 48] . The good correlation between Ca and SO 4 (coefficients of 0.9 and 0.89, respectively) (Tables 4 and 5) in the eastern and northeastern Sichuan Basin implies that they are derived 10 Geofluids from gypsum or anhydrite dissolution [36] . The correlation coefficients of the concentration HCO 3 with Ca and Mg are low, and HCO 3 concentrations are much lower than those of SO 4 . This can be possibly explained by the common ion effect as a result of the incongruent dissolution of gypsum or anhydrite leading to reduction in the solubility of CaCO 3 and CaMg (CO 3 ) 2 precipitation. The correlation coefficient for Mg and HCO 3 is 0.69 in the western basin, which indicates that the high Mg contents are derived from the dissolution of dolomite. The correlation coefficients between Mg 1.00 -0.32 HCO 3 1.00 and SO 4 in the eastern and northeastern Sichuan Basin are 0.87 and 0.88, respectively, indicating that the source of Mg is the dissolution of magnesium sulfate minerals. Cretaceous strata and sporadic Triassic and Permian strata are present in the western. These strata are composed of conglomerate, sandstone, marl, and gypsum or anhydrite layers or lenses, which results in SO 4 type water. In the southern basin, there is a small area with thick limestone, dolomite, and halite formations (247-673 m) [18] , leading to Cl-Na and HCO 3 type water. The eastern and northeastern basins consist of mainly evaporative type formations containing halite, gypsum or anhydrite, and magnesium sulfate. The formations of
, and T 2 l 4 are mainly saltbearing formations in the Sichuan Basin, composed of marine carbonate (limestone and dolomite) interbedded with evaporites (gypsum and halite), which can explain the high correlations between SO 4 and Ca and between Na and Cl.
Formation of the Saline and Salty Springs
The formation of the saline and salty springs undergoes infiltration recharge, groundwater circulation, and finally discharge at a suitable topographic point, which describes the flow path of the springs in a natural environment.
Recharge Area.
The mountainous areas that surround around the Sichuan Basin, namely, the marginal zone, and long and narrow anticlines in the eastern basin where carbonate rocks crop out, are the main recharge areas of the groundwater [49] . This area includes fault zones, fold belts, and areas of low mountains. The original primary (matrix) permeability of the carbonate region is low but there is a higher secondary porosity (fractures), especially in the core of anticlines, which is further enhanced by the effects of carbonate dissolution to provide good conduits for the infiltration precipitation [34, 50, 51] . For the geothermal wells, the relative elevation (1900-2500 m) difference between the recharge area and the thermal reservoir creates hydrostatic pressure [18] , which causes the groundwater to undergo deep circulation. The deeply circulating groundwater becomes heated as it flows through the reservoir. The groundwater tapped by a drilled well has high artesian pressure, sufficient recharge, and stable well discharge. For example, the yield of the geothermal well (no. 7) is up to 7000 m 3 /d and the head pressure of the well is up to 2.5 MPa [34] .
Groundwater Circulation Systems in the Sichuan Basin.
Groundwater mineralization is strongly conditioned by the nature of the bedrock, but also conditioned by the distance and depth of groundwater flow, and in a groundwater system [1, 52, 53] . To a large extent, TDS, temperature, and hydrochemical types of the springs can reflect the circulation depth of groundwater. The saline and salty springs in the Sichuan Basin show a large range of temperature and TDS, which indicate that the springs underwent different depths of circulation and residence time. The higher the temperature and the deeper the circulation, the longer the groundwater residence time is [26, 54, 55] . There are no magmatic rocks in the Sichuan Basin; thus, the temperatures of saline and salty springs are mainly due to the geothermal gradient that is in a geothermal gradient is in a range of 2.4-3.5°C/100 m from the gentle fold zones in the central Sichuan Basin to the steeply dipping fold zones with low topography in the southwestern Sichuan Basin [55] . The temperatures of the saline and salty springs (wells) range from 39°C (no. 3) to 95°C (no. 8). The temperature of the geothermal well (no. 8) in the Xiaoguzhen in the Maliuchang anticline, which is adjacent to the tectonic zone, where the geothermal gradient exceeds 3.5°C/100 m, reaches 95°C (no. 8) [18] . The geothermal gradient of the high steeply dipping anticline belts in the eastern basin and the low-flat folds in the northern Sichuan decreases to about 2.0°C/100 m, where the average temperature of saline and salty springs (wells) (nos. 39-63) is 42°C. The geothermal gradient in the edge of the northeastern Sichuan Basin is as low as 1.6°C/100 m [55] . The temperature of the salty well (no. 20) located in this area is as low as 13.4°C. The fractures are well developed in the mountains in the cores of anticlines in the northeastern basin and groundwater rapidly infiltrates downward, causing a further reduction in the local geothermal gradient, which is much lower than the average value of the basin. These observations indicate that temperature of the saline and salty springs is related with geothermal gradient, which corresponds to geologic structure.
Different circulation systems in the Sichuan Basin are responsible for different hydrochemical characteristics of springs and geothermal wells. The local groundwater flow system has a shallow burial depth. Springs with low TDS and temperature are present in this zone and are commonly called shallow-cycle springs [56] . The TDS of the springs are normally less than 2 g/L with HCO 3 -Ca type water, which mainly occurs at the outcrop of Triassic carbonate, especially in the cores of the anticlines with a rapid recharge rate. The lower limit of the groundwater circulation depth of a shallow-cycle spring is lower than that of the local discharge basis (local river), such as the flow line A in Figure 6 . The regional flow system has a deep burial depth, and the springs are mostly of Cl-Na type with the higher TDS and temperature called deep-cycle springs [57] , such as flow line B in Figure 6 . The final discharge point of the regional flow in the Sichuan Basin is generally controlled by the Yangtze River (nos. 13, 51, 52, and 53) and its branches and the Jialingjiang River (nos. 41, 42) . It is worth noting that the brine in the western basin is stagnant and the brine in the eastern syncline zones is confined and does not participate in modern water cycles. The main hydrochemical types of the brine water are Cl-Na and Cl-Na·Ca type [58, 59] (Figure 7) . The saline and salty springs have their own circulation systems, which are characterized by different TDS and temperatures. For examples, the circulation depth of saline and salty springs (wells) in the eastern Sichuan Basin (Chongqing) can reach an average of 2150 m with a mean TDS of 2.6 g/L [36] , the circulation depth of the no.18 salty hot spring in the northeast reaches 1000 m [59] with a TDS of 2.8 g/L, and the circulation depth of the geothermal well (no. 4) in western basins can reach 1800-2500 m [60] with TDS of 10 g/L. Figure 7 . To a large extent, the model of groundwater circulation is affected by the hydrodynamic condition [61] . Cretaceous and Jurassic formations mainly crop out in the area of the western Huaying Mountain Fold Belt. Triassic formations are distributed sporadically in this area. The permeability of the rock in this area is low, and the groundwater circulation is shallow with limited flow on a regional scale. However, deep-circulation groundwater can be formed in faults and fold zones. Groundwater that flows to the deep zone is continuously heated by heat flow with incongruent dissolution of evaporites and carbonate rocks. This groundwater is often discharged in the form of saline springs in river valley or in lower-elevation areas, forming water of SO 4 -Na, SO 4 ·Cl-Na types (nos. 2, 3, and 4) and Cl-Na type (no. 1) with a range of 9-15 g/L in TDS. Because of denudation, the anticline core of the Weiyuan-Zigong District exposes T 1 j formation, which generally formed groundwater with water of SO 4 -Ca type from dissolution (no. 9). The brines in the T 1 j and T 2 l formations in the central and western basin are still in a deeply buried and stagnant state, and they have not yet been affected by modern water circulation. Except for the denudation of T 1 j and T 2 l formations in the Indosinian in the Luzhou area, the Triassic formation buried deeply in the southern basin, formed sedimentary connate brines of Cl-Na and Cl-Na·Ca type. The eastern and northeastern Sichuan Basin is mainly controlled by anticline structures, which are in a near-NS trending direction. The core of anticline is cut by rivers where the Triassic strata crop out extensively widely and receive infiltration from precipitation in recharge areas. The precipitation percolates to the two limbs [57] ). 1: Cretaceous glutenite and mudstone; 2: Jurassic sandstone and mudstone; 3: Upper Triassic shale, mudstone interbedded with siltstone, and sandstone; 4: Middle Triassic carbonate interbedded with evaporites; 5: Lower Triassic carbonate interbedded with evaporites; 6: gypsum (anhydrite) and halite; 7: fault; 8: cold spring; 9: saline or salty spring; 10: precipitation. 13 Geofluids of the anticlines with shallow or deep circulation (local or regional groundwater flow system). The water incongruently dissolves carbonates and evaporites simultaneously (including anhydrite and halite) in the T 1 j and T 2 l rocks during its transport. The discharge areas are often in the middle of the anticline or in the low-lying areas of the limbs or plunging ends where carbonate rocks crop out, or the low-lying areas of noncarbonate rocks in the river valleys, which lead to natural emergence of the saline and salty springs with different temperatures. The saline and salty springs are mainly of HCO 3 -Na type (nos. 16, 17) , SO 4 -Ca type (nos. 18, 41-63), Cl·SO 4 -Ca·Na type (no. 15), Cl-Na type (nos. 19, 22, 23, and 26) , and Cl-Ca type (no. 55) in the anticlines, which belong to the active alternation area of water circulation ( Figure 6 ). When the brines are in deeply buried in the Triassic strata in the synclines, they are of Cl-Na and Cl-Na·Ca type [57, 62] .
Conclusions
The main objective of this work was to understand the occurrence and hydrochemical characteristics of the saline and salty springs in the Sichuan Basin. The Middle-Lower Triassic (T 1 j-T 2 l) is the most important salt-bearing formation composed of marine carbonate and evaporite rocks. The outcrop areas of the Triassic strata provide good recharge areas that make precipitation infiltrate into ground for circulation.
The saline and salty springs in the Sichuan Basin occur in river valleys, the cores and plunging ends of anticlines, fault zones, and low valleys with noncarbonate rocks. The temperature of the saline and salty springs (geothermal wells) is controlled by the geothermal gradients and depth of groundwater circulation. For example, the temperature of the Xiaogu saline spring (no. 8) in the Maliuchang anticline in the western basin is as high as 95°C with the geothermal gradient of 3.5°C/100 m. The higher TDS of the springs are controlled by salt-bearing rocks of the Low and Middle Triassic and Permian. Multiple hydrochemical water types are present in the basin, including Cl-Na type in the northeastern and southwestern basins, SO 4 -Ca type in the eastern basin, and HCO 3 -Na, Cl·SO 4 -Na, SO 4 -Na, and SO 4 -Ca·Na type in the western and northeastern basins.
The major ions of saline and salty springs in the Sichuan Basin are from incongruent dissolution of halite, gypsum, dolomite, and magnesium sulfate minerals in the Cretaceous, Triassic, and Permian strata (conglomerate, sandstone, marlstone, and gypsum or anhydrite layers or lenses) in the western basin, and the outcropping marine carbonate (limestone and dolomite) interbedded with evaporites (gypsum and halite) in the eastern basin. The marginal zone and long and narrow anticlines in the eastern basin where carbonate rocks crop out are the main recharge areas of the groundwater. The depth of groundwater circulation of the saline and salty springs in the basin ranges from 1800 to 2500 m. Most of the saline and salty springs and discharge points of the local groundwater flow system are controlled by the local rivers, and the discharge of the regional groundwater flow systems is controlled by the Yangtze River (nos. 13, 51, 52, and 53) and its main branches, such as the Jialingjiang River (nos. 41, 42) .
The conceptual models of circulation of the saline and salty springs indicate that meteoric water infiltrates in the outcropping carbonate rocks with fractures in the eastern basin and in basin margin, percolates to the limbs of the anticline or deep aquifers connected by the faults, dissolves carbonates, and evaporates (including anhydrite and halite) in the T 1 j and T 2 l strata during its transport. The groundwater is continuously heated by geothermal heat flow from below. The discharge areas are often in the middle of the anticline or in the low-lying areas of the limbs or plunging ends where carbonate rocks crop out, the low-lying areas of the noncarbonate rocks in river valleys, and the valley where groundwater goes upward through the noncarbonate rocks of the overlying T 3 x and J 2 s-J 1 z aquitards with the active alternation of water circulation. Subsurface brines are deeply buried in the Triassic strata in the synclines in the eastern basin and in the central basin, which have not been affected by the modern water circulation.
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